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Powerful winds driven by active galactic nuclei (AGN) are often invoked to play a 
fundamental role in the evolution of both supermassive black holes (SMBHs) and 
their host galaxies, quenching star formation and explaining the tight SMBH-galaxy 
relations1,2. Recent observations of large-scale molecular outflows3,4,5,6,7,8 in 
ultraluminous infrared galaxies (ULIRGs) have provided the evidence to support 
these studies, as they directly trace the gas out of which stars form. Theoretical 
models9,10,11,12 suggest an origin of these outflows as energy-conserving flows driven 
by fast AGN accretion disk winds. Previous claims of a connection between large-
scale molecular outflows and AGN activity in ULIRGs were incomplete3,4,5,6,7,8 
because they were lacking the detection of the putative inner wind. Conversely, 
studies of powerful AGN accretion disk winds to date have focused only on X-ray 
observations of local Seyferts13,14 and a few higher redshift quasars15,16,17,18,19. Here 
we show the clear detection of a powerful AGN accretion disk wind with a mildly 
relativistic velocity of 0.25c in the X-ray spectrum of IRAS F11119+3257, a nearby 
(z = 0.189) optically classified type 1 ULIRG hosting a powerful molecular outflow6. 
The AGN is responsible for ~80% of the emission, with a quasar-like luminosity6 of 
LAGN = 1.5 × 1046 erg s−1. The energetics of these winds are consistent with the 
energy-conserving mechanism9,10,11,12, which is the basis of the quasar mode 
feedback1 in AGN lacking powerful radio jets.   
 
The mass20 of the central SMBH in IRAS F11119+3257 is estimated to be MBH ~ 1.6 × 
107 M
¤
. The resultant Eddington ratio is LAGN/LEdd ~ 5, indicating that the source is very 
likely accreting at about its Eddington limit. In the X-rays it is relatively bright and not 
strongly affected by neutral absorption21. Therefore, it is arguably the best candidate to 
study the highly ionized iron K-band absorbers in this class of object.  
IRAS F11119+3257 was the subject of a long 250 ks Suzaku observation obtained by our 
group in May 2013. The spectra of the three separated XIS detectors onboard Suzaku 
independently show a prominent absorption feature at the rest-frame energy of ~9 keV 
(Figure 1). The inclusion of a broad Gaussian absorption line in the combined broad-band 
Suzaku XIS and PIN spectrum in the 0.5−25 keV energy band provides a very significant 
improvement of the fit, corresponding to a statistical confidence level of 6.5σ (see SI). 
The absorption line has a rest-frame energy of E = 9.82+0.64−0.34 keV, a width of σE = 
1.67+1.00−0.44 keV and an equivalent width of EW = −1.31+0.40−0.31 keV. If interpreted as 
blue-shifted Fe XXV Heα and/or Fe XXVI Lyα resonant absorption lines, this feature 
indicates an outflow velocity of ~0.3c with respect to the systemic velocity. 
We derive a physical characterization of this outflow using a dedicated photoionization 
absorption model (see Methods). This fast wind model provides a very good 
representation of the data, simultaneously taking into account both the broad absorption 
trough at E ~ 7−10 keV in the XIS data and the factor of ~2−3 excess of flux at E = 
15−25 keV observed in the PIN data (see Extended Data Figure 1 and Methods). The 
column density, ionization and outflow velocity are NH = (6.4+0.8−1.3) × 1024 cm−2, logξ = 
4.11+0.09−0.04 erg s−1 cm and vout,X = 0.255 ± 0.011 c, respectively (see Extended Data 
Table 1). The wind has a high covering fraction of CF,X > 0.85, confirmed if including the 
possible associated emission (see SI). The wind parameters are consistent overall with the 
mildly relativistic accretion disk winds detected in quasars15,16,17,18,19 with a comparable 
luminosity.  
Considering the velocity and variability of the wind we estimate a distance from the 
central SMBH in units of Schwarzschild radii (rs = 2 GMBH/c2) of r ≈ 15−900 rs, 
consistent with accretion disk scales (see SI). Conservatively adopting the radius of 15 rs, 
we estimate a mass outflow rate of M!"#,! ≈ 1.5 M¤ yr−1. Given the very high luminosity 
of this AGN and the fact that it is accreting at about its Eddington limit, it is very likely 
that the wind is radiation driven22. 
The wind’s momentum flux P!"#,! = M!"#,!vout,X ≈ 6×1035 dyne corresponds to 1.3+1.7−0.9 
times that of the AGN radiation P!"# = LAGN/c (see SI). This is consistent with multiple 
scatterings in a high column and wide angle wind23. The wind mechanical power E!,! = 
(1/2)M!"#,! vout,X2 ≈ 2×1045 erg s−1 corresponds to ~15% of the AGN luminosity and it is 
higher than the minimum value of ~0.5% required for AGN feedback24 (see SI). 
Therefore this wind will likely have a strong influence on the host galaxy environment. 
An alternative interpretation of the E ~ 9 keV absorption trough with an ionized Fe K 
edge and an associated relatively slow wind (see Extended Data Figure 1) is statistically 
disfavored (see Methods).  
Likewise the case whereby the Fe K profile arises from relativistically blurred X-ray 
reflection off the inner accretion disk is also ruled out (see Methods and SI). Such a 
model fails to predict the hard X-ray emission above 10 keV (Extended Data Figure 1). 
This case is also inconsistent with the variability observed during the observation (see 
Methods and Extended Data Figure 2 and 3). The fast wind model provides a self-
consistent explanation of the variability in terms of a change in the absorber column 
density (Extended Data Table 2). In contrast, within the relativistic reflection model, the 
resultant variability pattern is the opposite of that expected from relativistic light 
bending25, with a dramatic increase in reflection fraction from the low to the high flux 
state (see Extended Data Table 3). Finally, the extrapolated hard X-ray luminosity from 
the fast wind model matches the value expected from mid-infrared emission line 
diagnostics, while the relativistic reflection model underestimates this value by more than 
one order of magnitude (see SI). 
Herschel observations show a massive molecular outflow6 in the absorption profile of the 
119 µm OH doublet of IRAS F11119+3257 (Figure 2). This galaxy also shows clear 
signatures of high velocity outflows (~1,000 km s−1) at other energies, including neutral26 
and moderately ionized27,28 gas. From our radiative transfer model7 of the Herschel 
observation of the OH 119 absorption profile (see Methods and Figure 2) we estimate a 
300 pc scale outflow with average velocity of vout,OH = 1,000 ± 200 km s−1, covering 
factor CF,OH = 0.20 ± 0.05 and mass outflow rate of M!"#,!" = 800+1,200−550 M¤ yr−1 (see 
SI). The momentum flux of the molecular outflow is considerably larger than that of the 
AGN radiation, P!"#,!" = 11.0+14.1−7.5 P!"#. Moreover, the mechanical power corresponds 
to ~2% of the AGN luminosity (see SI), a value higher than the minimum required for 
quasar mode feedback24. The large velocity and energetics of this molecular outflow also 
favor an AGN origin3,4,5. These parameters are comparable to those found in similar 
AGN dominated ULIRGs3,4,5,6,7,8.  
The two main mechanisms invoked to explain AGN feedback1,2  are the radio mode and 
the quasar or wind mode. In these cases the molecular outflows are accelerated by the 
interaction with either a powerful, but highly collimated, radio jet29 or a mildly 
relativistic accretion disk wind9,10,11,12, respectively. Powerful jets are found in radio-loud 
AGNs, but they constitute only a minority of the AGN population29. IRAS F11119+3257, 
and ULIRGs in general, do not show clear evidence for powerful jets6,8,30. Therefore, the 
radio mode feedback is strongly disfavored in this case.  
Theoretical models of quasar mode AGN feedback9,10,11,12,22 indicate that the shock 
caused by the interaction between the putative mildly relativistic AGN wind and the 
interstellar medium divides the resultant large-scale outflow into two regimes. 
Momentum-conserving flows occur if the shocked wind gas can cool and most of the 
kinetic energy is radiated away. On the other hand, energy-conserving flows occur if the 
shocked wind gas is not efficiently cooled, and instead expands as a hot bubble. 
Conservation of energy leads to the relation9,10  P!"# = 𝑓 (vin/vout)(LAGN/c) where vin is the 
velocity of the inner X-ray wind, vout the velocity of the molecular outflow and 𝑓 = 
CF,out/CF,in is the ratio between the covering fractions of the outer molecular outflow and 
inner disk wind. The latter parameter indicates the efficiency or fraction of inner wind 
power that is transferred to the large-scale outflow. Substituting the values from the 
observed X-ray and OH winds in IRAS F11119+3257 we derive an efficiency of 𝑓 = 0.22 
± 0.07. 
In Figure 3 we show the momentum fluxes of the inner X-ray wind and the molecular 
outflow observed in IRAS F11119+3257 with respect to their velocities, normalized to 
the momentum flux of the AGN radiation. For comparison, we consider also the 
energetics of mildly relativistic X-ray winds detected in quasars15,16,17,18,19 and the 
molecular outflows detected in ULIRGs3,4,5,6,7,8 with similar AGN luminosities (see SI 
and Extended Data Table 4). We consider the derived efficiency of 𝑓 = 0.2. Using the 
relation for an energy-conserving flow9,10,11 we find that the energetics of the molecular 
outflows would require initial AGN winds with a range of velocities between vin ~ 
0.1−0.4c (Figure 3). Indeed, substituting the estimated values for IRAS F11119+3257 of 
vin ≈ 0.2c, vout ≈ 1,000 km s−1 and 𝑓 ≈ 0.2 we obtain a value of P!"# ≈ 12 LAGN/c consistent 
with the OH observation.  
This would not be possible in the momentum-conserving case. In fact, considering that a 
fraction 𝑓 = 0.2 of the initial wind momentum rate is transferred to the host and taking 
into account the uncertainties, the maximum value for the inner disk wind is 𝑓P!"#,! = 0.6 
LAGN/c. This is much smaller than the minimum value for the molecular outflow of P!"#,!" = 3.5 LAGN/c (see SI and Figure 3). 
The mass outflow rate of radiation driven winds9,22 is M!" ~ M!"", where M!"" = 
LEdd/ηc2 is the Eddington accretion rate and η is the accretion efficiency. Moreover, their 
momentum rate is comparable9,22,23 to that of the AGN radiation, P!" ~ M!"vin ~ LEdd/c. 
Therefore, the observed fast wind velocity suggests9 a high accretion efficiency η ~ vin/c 
~ 0.25. For a stellar velocity dispersion of σ ~ 100 km s−1 from the MBH−σ relation9,11, 
theoretical models of energy-conserving outflows9 suggest a molecular outflow velocity 
of vout ~ 1000 km s−1, mass outflow rate of M!"# ~ 1000 M¤ yr−1 and a momentum rate P!"# ~ 10−20 P!"#, in agreement with the observations. Moreover, the mechanical energy 
of the fast wind of ~15% LAGN is consistent with the theoretical value9 of  (η/2)LAGN 
~13% LAGN. The observed power of the molecular outflow of ~2% LAGN is also 
consistent with that of the fast wind with an efficiency 𝑓 ~ 0.2. With the limitation that 
the fast X-ray wind is observed now, while the large-scale molecular outflow is probably 
an integrated effect of such winds over a much longer period of time, there is a very good 
quantitative agreement between observations and theoretical models9,10,11,22. 
This supports the idea that AGN winds can indeed provide an efficient way to transfer 
energy to the interstellar medium with a high degree of isotropy12, as required by the 
existence of large-scale outflows in most ULIRGs3,4,5,6,7,8. Moreover, these results are 
consistent with the ULIRG evolutionary scheme6 where AGN driven winds can clear out 
the obscuring material from the central regions of the galaxy1,2, eventually uncovering the 
underlying quasar.  
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Figure 1. Absorption line in the Suzaku spectrum of IRAS F11119+3257. Ratio 
between the separated Suzaku XIS0 (black), XIS1 (red) and XIS3 (blue) spectra and the 
absorbed power-law continuum model in the E=4−12 keV energy range. The ratio of the 
model including the absorption line at the rest-frame energy of 9.82 keV is superimposed 
in green. The data are binned to a signal to noise ratio of 10σ for clarity. Errors are at the 
1σ level. 
Figure 2. Herschel-PACS OH119 observation of IRAS F11119+3257. The blue (high 
velocity) and red (systemic velocity) dashed lines represent the different components of 
the outflow model. The green line represents the total best-fit model. The dashed vertical 
lines indicate the position of the OH119 doublet components relative to the blue line of 
the doublet (119.23µm) and with respect to the systemic redshift of the galaxy. The 
average outflow velocity estimated from the OH model is 1,000 ± 200 km s−1. 
Figure 3. Comparison between the inner winds and the molecular outflows. The 
momentum flux (dP/dt) normalized to the radiation (LAGN/c) is plotted against the wind 
velocity. The disk and molecular winds in IRAS F11119+3257 (red filled stars), the disk 
winds of other quasars15,16,17,18,19 (blue filled circles) and the molecular outflows of other 
ULIRGs (OH5,7 green and CO4,8 black filled triangles) are reported. Uncertainties are at 
the 1σ. The black curves represent the energy-conserving trends9,10,11 and the horizontal 
gray line indicates the momentum-conserving case. The efficiency 𝑓 = 0.2 is assumed. 
The momentum rates of the disk winds are multiplied by 𝑓.  
Methods 
Suzaku observation log. IRAS F11119+3257 was observed with Suzaku between 13−19 
May 2013 for a total exposure of 250 ks. The data reduction and analysis were performed 
following the standard procedures as described in the Suzaku data reduction guide. We 
use the heasoft v.6.12 package and the latest calibration files.  
Suzaku XIS data reduction. We derived the Suzaku XIS cleaned event files and applied 
standard screening criteria. The 3×3 and 5×5 editing modes were combined. The source 
spectra were extracted from circular regions of 2.5’’ radius centered on the source. The 
background spectra were extracted from annular regions with inner and outer radii of 
3−4’’ centered on the source and excluding contamination from the calibration sources. 
The spectra from the two front illuminated detectors, XIS0 and XIS3, were combined 
after verifying that the data are consistent with each other. Hereafter we refer to them as 
XIS03. The data of the back illuminated XIS1 detector are used as well. The XIS 
response and ancillary files were produced. The source countrates in units of counts s−1 in 
the E = 0.5−10 keV band are 0.0576, 0.0649 and 0.06 for the XIS0, XIS1 and XIS3, 
respectively. The background countrates are 18% and 30% of the XIS03 and XIS1, 
respectively. 
Suzaku PIN data reduction. The Suzaku PIN source spectrum was extracted within the 
good time intervals and it was corrected for the detector dead time. The latest response 
file was used. We use the latest and most accurate tuned non X-ray background (NXB) 
event file version 2.2ver1403 provided by the Suzaku team. The NXB event file was used 
as input to the hxdpinxbpi task and combined with a model of the cosmic X-ray 
background (CXB) provided by the Suzaku team. We conservatively include a systematic 
uncertainty on the PIN background of 1.5%. The source is detected in the PIN at the 4σ 
level. The source countrate in the E = 15−25 keV band is 0.005 ± 0.001 counts s−1, 
including the systematic error on the background. The average source countrate is 3.3% 
of the background. There are no other X-ray sources with 2−10 keV flux higher than 
5×10−14 erg s−1 cm−2 in the Chandra, XMM-Newton, BeppoSAX and ASCA archives, 
excluding the contamination from other sources within the PIN field of view. Above 10 
keV, we do not find any source detected within a 1° radius in the Swift BAT 70-month, 
RXTE and Integral surveys, being also the PIN flux of IRAS F1111+3257 below the 
sensitivity limit of these hard X-ray surveys.  
Suzaku spectral analysis. The spectral analysis was carried out using the software 
XSPEC v.12.7.1. All uncertainties quoted are at 1σ level for one parameter of interest and 
the energies are reported in the source rest-frame, unless otherwise stated. We exploit the 
broad-band capabilities of Suzaku combining the E=0.5−10.5 keV XIS and E=15−25 keV 
PIN spectra. We perform joint fits of the Suzaku XIS03 and XIS1 spectra excluding the 
energy range around the Si K edge (E=1.5−2 keV), which is known to be affected by 
calibration issues. The XIS03/XIS1 cross-normalization was left free to vary, but it was 
always found to be consistent within 3%. We take into account the XIS/PIN cross-
normalization of 1.16 ± 0.01. All spectra were grouped to a minimum of 25 counts per 
energy bin in order to allow the use of the χ2 minimization in the model fitting. 
Throughout we include a neutral Galactic absorption of NH = 2.1×1020 cm−2.  
Fast wind model. We model the broad absorption at E ~ 9 keV with the 
XSTAR31 code v. 2.2.1bn. We consider a Γ = 2 power-law continuum, consistent with the 
observed value (see SI), and standard Solar abundances. A turbulent velocity of 30,000 
km s−1 is assumed for the fast wind model. This high value is introduced only to model 
the large width of the absorption line and it is probably not linked to an actual physical 
turbulence in the gas. For instance, detailed accretion disk wind models show that the line 
profiles can become significantly broadened because of the velocity shear between 
consecutive zones of the wind32.  
This provides a very good fit to the data, with χ2/ν = 1410.4/1391, providing a higher fit 
improvement comparable to the phenomenological best-fit case of a broad absorption line 
(Δχ2/Δν = 54.2/3). This corresponds to a very high detection confidence level of 6.5σ. 
The relative column density, ionization and outflow velocity are NH = (6.4+0.8−1.3) × 1024 
cm−2, logξ = 4.11+0.09−0.04 erg s−1 cm and vout,X = 0.255 ± 0.011 c, respectively (see 
Extended Data Table 1). The absorber is consistent with fully covering the source, with a 
lower limit of the covering fraction of CF,X > 0.85 at the 90% significance level (see SI). 
The fast wind model is able to simultaneously take into account both the broad absorption 
at E ~ 7−10 keV and the excess of flux at E = 15−25 keV (see panel c of Extended Data 
Figure 1).  
We note that a more physical model of a high column wind should include both Compton 
scattering and emission (for the latter see SI). A few of such models33,34 have been 
recently reported in the literature, however they are not publicly available for use in 
XSPEC and they require a relative fine-tuning of the parameters. Moreover, the wind 
parameters are well approximated with XSTAR absorption tables33,34, supporting our 
conclusions. The effects of Compton scattering should be marginal, introducing a 
continuum break at an energy beyond the observed Suzaku bandpass of E ~ 50 keV and 
contribute to the broadening of the lines of less than ~ 0.3 keV. 
 
Slow wind model. Considering the slow wind model, in which the feature at E ~ 9keV is 
identified with an ionized Fe K absorption edge, the data require a lower XSTAR 
turbulent velocity width of 500 km s−1. This provides an overall good fit of the data, with 
χ2/ν = 1439.3/1391. The relative column density, ionization and outflow velocity are NH 
= (5.5+0.6−0.7) × 1024 cm−2, logξ = 3.77+0.08−0.07 erg s−1 cm and vout = 0.0258+0.0109−0.0128 c, 
respectively. The lower limit of the covering fraction is CF > 0.93 at the 90% significance 
level. Even though it provides an overall sufficient representation of the data, this fit is 
statistically much worse than the previous case of a fast wind (see panel d of Extended 
Data Figure 1). In fact, the χ2 difference for the same number of degrees of freedom with 
respect to the fast wind model is Δχ2 = 28.9. In particular, this slow wind model does not 
provide a good fit for the absorption trough at E ~ 7−10 keV. 
Relativistic reflection model. We use the most accurate relativistic reflection code 
available in the literature, the “relxilllp” model35. This model considers the lamp post 
geometry in which the compact X-ray source is located at a certain height along the 
rotation axis of the black hole in units of gravitational radii rg = GMBH/c2. The reflection 
fraction and emissivity index are self-consistently calculated by the model depending on 
the source height and black hole spin. We consider a typical outer disk radius of rout = 
400 rg and the inner radius rin is linked to the innermost stable circular orbit (ISCO) for a 
given black hole spin value. We consider standard Solar abundances.  
The free parameters are the height of the illuminating source h, the disk inclination i, the 
ionization parameter logξ, the normalization and the black hole spin a. This model 
provides a fit statistics of χ2/ν = 1413.2/1390. The best-fit parameters suggest a source 
height of just h = 2.2+1.3−0.6 rg (rg=GMBH/c2) and a rapidly spinning black hole with a > 
0.85. The material is mildly ionized, with logξ = 3.15+0.15−0.09 erg s−1 cm, and the disk 
inclination is estimated to be i = 52+4−6 degrees. Letting the reflection parameter free to 
vary we find a very high best-fit value of R ~ 6. The relativistic reflection model provides 
a relatively good representation of the data up to E ~ 10 keV but it is not able to model 
the excess of flux at E = 15−25 keV (see panel e of Extended Data Figure 1).  
Time-resolved spectral analysis. The source lightcurve shows a factor of 10 variability 
in the 4−10 keV countrate over an interval of ~3 days between the minimum and 
maximum values (Extended Data Figure 2). This variability must be driven by the change 
of some parameters, such as the continuum, absorption or reflection. We performed a 
time resolved spectral analysis by splitting the observation at 377 ks after the beginning 
(Extended Data Figure 2). This allows to have the same signal-to-noise in the E = 4−10 
keV band for the low-flux (first) and high-flux (second) intervals. The source shows a 
much smaller variability of a factor of ~1.5 in the PIN data at E = 15−25 keV. The broad-
band spectra extracted in the low-flux and high-flux intervals are shown in panel a of 
Extended Data Figure 3.  
We performed a combined fit of the low-flux and high-flux intervals using alternatively 
the fast wind model and the relativistic reflection model and compared the values of the 
parameters to determine what is the main driver of the variability in these two cases.  
Regarding the fit with the fast wind model, we test three different variability cases: 1) 
constant fully covering absorption with variable power-law continuum; 2) constant 
power-law continuum with variable partial covering absorption; 3) constant power-law 
continuum and variable fully covering absorption. The cases 1) and 3) provide the best 
representations of the data with comparable statistics of χ2/ν = 1757.9/1692 and χ2/ν = 
1757.3/1693, respectively. In the case 1) of constant absorber and variable continuum we 
find that the main change in the fit parameters may be due to an increase in the 
normalization of the continuum with Γ ~ 2. The continuum slope is consistent in the two 
intervals. The relative ionizing luminosity between 1−1000 Ryd (1 Ryd = 13.6 eV) would 
be increasing from logLion ~ 45.2 erg s−1 to logLion ~ 45.7 erg s−1. Given that the column 
density and velocity of the absorber are constant, this increase in luminosity by a factor of 
~3.4 should have caused an increase in ionization by the same factor, fully ionizing the 
gas, to the point that it would have not been detected in the second interval. This 
consideration alone strongly disfavor the continuum variability case. In the case 3) of a 
constant continuum and variable absorber we find that the main driver of the flux 
variability is a 40% decrease in column density from NH ~ 8.1×1024 cm−2 to NH ~ 
4.9×1024 cm−2 between the two intervals (Extended Data Table 2). Moreover, the fact that 
the observed change in flux of a factor of ~10 is much larger at E= 4−10 keV compared 
to only a factor of ~1.5 at E > 15 keV also points to the fact that the main variability is 
due to a change in absorbing column density rather than continuum emission with 
constant slope (see panel b of Extended Data Figure 3).  
Regarding the fit with the relativistic reflection model, we tested two different variability 
cases: 1) constant reflection with variable power-law continuum and 2) constant power-
law continuum with variable reflection (i.e., source height and ionization). The case 1) 
would indicate a constant and very small source height of h < 2 rg. Instead, the continuum 
slope would be required to change from the unrealistically high value of Γ ~ 2.7 to Γ ~ 
2.2 between the two intervals. Overall, this case does not provide a good fit to the data, 
with a poor statistics of χ2/ν = 1878.7/1692. The case 2) provides a better fit of χ2/ν = 
1766.4/1693. The fit with the relativistic reflection model provides a relatively good 
representation of the data up to E ~ 10 keV but not at higher energies (see panel b of 
Extended Data Figure 3). In this case, the direct continuum is required to be constant 
between the two intervals and the main driver of the variability would be the height of the 
X-ray source, decreasing from h = 5.4+54.4−1.2 rg down to h < 3.2 rg from the low-flux to 
the high-flux case, respectively (Extended Data Table 3). This corresponds to an increase 
in reflection fraction from ~3 in the low-flux interval up to the maximum value allowed 
of ~10 for the high flux case. Even though this fit might provide a relatively good 
representation of the data, it clearly contradicts the variability expected from the 
associated relativistic light bending case25, which predicts a very specific variability 
pattern of higher/lower reflection fractions (lower/higher X-ray source heights) for 
lower/higher fluxes.  
Suzaku XIS background and systematics check. We investigated the existence of the 
broad absorption at E ~ 9 keV also performing independent fits of the Suzaku XIS0, XIS1 
and XIS3 detectors. In all cases the parameters are consistent at the 90% level and in 
particular the broad absorption is independently detected at the 3σ level in the XIS0 and 
XIS1 and at 4σ level for the XIS3 (Figure 1). The XIS cameras have an instrumental 
background emission line from Ni Kα at the observed energy of 7.47 keV. The line 
intensity is slightly dependent on the location on the detector. Therefore, an incorrect 
background selection might possibly induce spurious absorption/emission lines in the 
background subtracted spectrum. We performed several tests in order to exclude this 
possibility. First, we note that the observed centroid energy of the broad line of E = 
8.26+0.64−0.34 keV is not consistent with the energy of the instrumental line. Second, the 
background emission line is unresolved, with a width of σE < 100 eV. This is not 
consistent with the large width of the absorption feature of σE ~ 1 keV. Third, we 
performed fits using background regions extracted from one, two and three circles of 
2.5’’ size away from the source and annuli with inner/outer radii of 3’’/5’’ and 4’’/5’’ 
centered on the source. Fourth, we performed an additional consistency check 
considering a smaller circular source extraction region of 1.5’’ and an annular 
background region of the same area with inner/outer radii of 3’’/3.4’’. This allows us to 
derive a cleaner extraction region, with a marginal loss of 20% of the source counts in the 
E = 4−10 keV, and to drastically minimize the background, cutting down its countrate by 
a factor of 2.5. In all the cases we find that the best-fit parameters, and in particular those 
of the broad absorption feature, are always consistent within the 1σ errors. Considering 
only the XIS data and fitting both the fast and slow wind models and the relativistic 
reflection model we obtain parameters which are consistent within the 1σ errors with 
those derived using the combined XIS and PIN data. This indicates that these models 
depend only weakly on the E = 15−25 keV PIN data. The fast wind (χ2/ν = 1372.1/1365) 
and the relativistic reflection (χ2/ν = 1369.2/1364) models provide statistically 
comparable fits of the XIS data alone. Instead, the fit using the slow wind model is 
statistically worse (χ2/ν = 1404.6/1365). 
Modeling of the Herschel OH spectrum. The profile of the OH 119 doublet shows6 a 
strong asymmetry at systemic velocities and an obvious blue wing extending well beyond 
≈1,000 km s−1 (see Figure 2). This profile is modeled7 in spherical symmetry as an 
extended 300 pc scale outflow. The Spitzer IRS low-resolution spectra, IRAS fluxes, and 
Herschel spectrum around the OH doublet are used to estimate the underlying continuum. 
The covering factor of the outflow is estimated to be CF,OH = 0.20 ± 0.05. The sum of the 
covering factors of the outflow and systemic components is close to unity, consistent with 
the fraction of gas affected/unaffected by the outflow. The outflow velocity is also well 
determined, with an average value of vout,OH = 1,000 ± 200 km s−1. The absorption is seen 
in front of the far-IR continuum, which is well modeled with a dust radius of Rdust = 250 
pc. The distance of the OH absorber is estimated at r = 300 pc in radius (or 600 pc in 
diameter). This value is consistent with previous results7 derived using the same model 
for the more detailed spectrum of Mrk 231, indicating that the outflowing OH is mostly 
linked to the source of far-IR continuum. 
The Hydrogen number density is derived from the equation nH = NOH/(XOH × Δr), where 
NOH is the OH column density, XOH is the OH abundance relative to H and Δr is the 
width of the region sampled by the outflowing OH. The estimated value of the OH 
column density from the fit of the line profile is NOH = 3×1016 cm−2. This value is 
conservatively low but enough to account for the optically thick OH119 absorption line. 
The standard value7 of the OH abundance relative to H in active regions where OH is 
highly abundant is XOH = 2×10−6. The width of the outflowing OH region of Δr = 50pc is 
derived from the relation Rout = 1.2 Rdust, which is based on more accurate models7 for the 
similar OH profile in Mrk 231. Therefore, we estimate a Hydrogen number density of nH 
= 100 cm−3. Exploring the parameter space of the model, we find an uncertainty of a 
factor of two on this value (see SI).  
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Extended Data Figure 1. Broad-band Suzaku spectrum in the E=0.5-30 keV band. a, 
the time-averaged Suzaku XIS03 (solid black), XIS1 (dotted red) and PIN (solid green) 
spectra binned to 10σ, 5σ and 3σ, respectively. The data to model residuals in units of 
sigma with respect to the absorbed power-law model, the fast wind model, the slow wind 
model and the relativistic reflection model are shown in panel b, c, d and e, respectively. 
The energy is in the rest-frame and errors are at the 1σ level. 
Extended Data Figure 2. Background subtracted Suzaku XIS03 light curve in the 
E=4−10 keV band. The data are binned to the Suzaku orbital period of 5760 seconds. 
The vertical line indicates the time at which the observation is split in two parts for the 
time-resolved spectral analysis. The effective on-source exposure time is 250 ks. The 
gaps in the light curve indicate periods in which the satellite could not point to the source. 
Therefore, the total temporal coverage of the observation is longer, about 500 ks. Errors 
are at the 1σ level. 
Extended Data Figure 3. Time-resolved Suzaku spectral analysis in the E=0.5−30 
keV band. a, Suzaku XIS03 and PIN spectra extracted during the low-flux (green) and 
high-flux (blue) intervals. The XIS03 and PIN data are rebinned to 10σ and 5σ, 
respectively. The data to model ratios with respect to the fast wind model and relativistic 
reflection model are reported in panel b and c, respectively. Errors are at the 1σ level. 
Extended Data Table 1. Best-fit values of the fast wind model for the time-averaged 
spectrum. Errors are at the 1σ level.  
Extended Data Table 2. Best-fit values of the fast wind model for the time-resolved 
spectral analysis. Notes. Errors are at the 90% level.  
Extended Data Table 3. Best-fit values of the relativistic reflection model for the 
time-resolved spectral analysis. Notes. The parameter a and R refer to the black hole 
spin and reflection fraction, respectively. Errors are at the 90% level. 
Extended Data Table 4. Parameters of outflows in other quasars and ULIRGs 
collected from the literature. Notes. The reported velocity refers to the average outflow 
velocity. The parameters P and LAGN/c indicate the momentum flux of the outflow and 
AGN radiation, respectively. Errors are at the 1σ level. The last column indicates the 
relevant references. The parameters of the inner X-ray wind and OH molecular outflow in 





















































































1. Phenomenological modeling of the Suzaku spectra 
The baseline continuum model required to characterize the underlying continuum 
consists of a power-law absorbed by a neutral column of gas and a scattered (unabsorbed) 
power-law soft X-ray continuum. We obtain a good fit (χ2/ν = 1464.6/1394) with 
parameters NH = (2.15 ± 0.08)×1022 cm−2, Γ = 2.00 ± 0.03 and a scattering fraction of 
~7%.  
The data to model residuals in units of sigma with respect to the baseline continuum 
model show residuals in absorption and emission at rest-frame energies of E ~ 7−12 keV 
and E ~ 20−30 keV, respectively (panel b of Extended Data Figure 1). In particular, the 
Fe K band residuals are very clear if considering a ratio of the spectrum zoomed between 
E = 4−12 keV with respect to the absorbed power-law continuum (Figure 1).  
The inclusion of a broad Gaussian absorption line in the broad-band spectrum provides a 
very high improvement of the fit, with Δχ2/Δν = 52.9/3, corresponding to a statistical 
confidence level of 6.5σ. The final best-fit statistics is χ2/ν = 1411.7/1391. The 
parameters of the absorption line are E = 9.82+0.64−0.34 keV, σE = 1.67+1.00−0.44 keV and 
EW = −1.31+0.40−0.31 keV. 
A possible alternative phenomenological modeling of the broad absorption trough could 
be provided by an absorption edge. The inclusion of an absorption edge to the baseline 
continuum model provides a best-fit of χ2/ν = 1423.3/1392. The edge energy and optical 
depth are E = 8.60 ± 0.07 keV and τ = 0.51 ± 0.10, respectively. The broad Gaussian 
absorption line still provides a statistically better fit. 
A factor of ~2−3 excess of emission in the PIN spectrum at E=15−25 keV is present after 
the inclusion of the broad Gaussian absorption line or the edge. The statistical 
significance of this excess is at the ~ 4σ level. We note that this is a conservative 
estimate, which takes into account of both the statistical and systematic uncertainties in 
the latest version of the PIN background (see Methods). 
2. Fast wind model 
Following the interpretation as broad absorption line, the residuals at the energy of  E ~ 9 
keV could be identified with blue-shifted Fe XXV Heα and/or Fe XXVI Lyα resonant 
absorption with a velocity of ~0.3c. If due to a single line, the measured width would 
indicate a large velocity broadening of σv ~ 50,000 km s−1. We checked that the 
alternative possibility of a blend of two Fe XXV and Fe XXVI absorption lines (σv ~ 
10,000 km s−1) with energies fixed to the values of 6.7 keV and 6.97 keV and a common 
blue-shifted velocity of ~0.35c provides a poorer fit compared to a single broad line ( χ2/ν 
= 1434.1/1391).  
The output parameters of the XSTAR fit are the column density, ionization parameter and 
the observed absorber redshift zo. The observed absorber redshift is related to the intrinsic 
absorber redshift in the source rest frame za as (1+zo) =  (1+za)(1+zc), where zc is the 
cosmological redshift of the source. The velocity can then be determined using the 
relativistic Doppler formula 1+za = (1−β / 1+β)1/2, where β = v/c is here required to be 
positive for an outflow. This ensures that the relativistic effects associated with both high 
red-shift sources and high-velocity outflows are correctly taken into account when 
inferring absorber outflow velocities relative to the source rest-frame. 
We estimate the partial covering parameter of the absorber considering a double power-
law continuum with the same photon index and free normalizations. The first represents 
the unabsorbed continuum. The second instead is absorbed by the XSTAR table. The two 
normalizations are NU and NA, respectively. Then, the covering fraction can be easily 
calculated as CF,X = NA / (NU + NA).  
Even if it is not clear from the spectrum (Figure 1), we checked the possibility of 
detecting emission from the wind. We calculated an XSTAR emission table with the 
same parameters as for the absorption table (see Methods). The exact characteristics of 
the associated P-Cygni profile depend on the geometry of the wind. We note that the P-
Cygni profile from an accretion disk wind may deviate from the spherical symmetry 
assumption. In fact, if the wind is observed relatively close to the accretion disk, then the 
receding part may be occulted by the disk itself and we would expect a net blue-shifted 
velocity for the emission as well. Moreover, for a large covering fraction, we would also 
expect a width of the emission component comparable to the outflow velocity of the 
wind, modulo a projection factor. We estimate the possible P-Cygni profile linking the 
ionization parameter and column density between the emission and absorption tables. The 
emission table was convolved with a Gaussian broadening profile. We obtain only a 
marginal (~99%) fit improvement of Δχ2 = 12.3 for three additional degrees of freedom. 
The resultant emission is broad, with σE ~ 0.5keV, and it has a velocity shift comparable 
to that of the absorber. The covering fraction is consistent between the emission and 
absorption, with a value CF,X ~ 1. Given the marginal requirement of the emission table 
and the fact that the parameters of the absorber are consistent at the 1σ level with or 
without its inclusion, we do not discuss it further. However, it provides additional support 
for the presence of a wide-angle wind with a high covering fraction of CF,X ~ 1.   
3. Mid-infrared emission line diagnostics 
Another important test to further distinguish between the relativistic reflection and the 
fast wind cases is the comparison of the relative luminosities with that expected from line 
diagnostics. Mid-infrared emission line diagnostics can be used to estimate the expected 
AGN hard X-ray luminosity36,37. Considering the luminosities38,39 of the Ne III (15.51 
µm), Ne V (14.32 µm) and O IV (25.89 µm) we estimate an expected hard X-ray 
luminosity of logL = 45.1 erg s−1 in the E = 14−195 keV energy band. Extrapolating the 
absorption corrected luminosity of the fast wind model we obtain exactly this value. 
Instead, the relativistic reflection model underestimates this luminosity by a factor larger 
than 10.   
4. Fast wind characteristics 
4.1. Fast wind location 
In the following we use the parameters derived from the time-averaged fast wind model 
(Extended Data Table 1). The ionization parameter is defined40 as ξ = Lion/nr2, where n is 
the density of the material, r is the distance to the source and Lion is the ionizing 
luminosity. The absorption corrected ionizing luminosity from the wind model is logLion 
= 45.5 erg s−1. A lower limit on the location of the absorber can be derived from the 
radius at which the observed velocity corresponds to the escape velocity, r = 2G 
MBH/vout,X2 ~ 7.91×1013 cm. Converting in units of Schwarzschild radii, the wind is 
observed at a distance of r ~ 15 rs from the central black hole. 
The time-resolved spectral analysis indicates a column density decrease from Nl =	 
8.1×1024 cm−2 to Nh = 4.9×1024 cm−2 in ~3 days between the low and high flux intervals, 
respectively (Extended Data Table 2). The ionization parameter and outflow velocity do 
not vary significantly. Combining the definition of the ionization parameter ξ = Lion/nr2 
and the column density NH = nΔr ~ nr for this compact absorber we find the relation Nl rl 
~ Nh rh. This indicates that a decrease in column density without an increase in ionization 
parameter and luminosity would correspond to a shift in location Δr = rh − rl between the 
two intervals. Considering the average outflow velocity of vavg ~ 0.25c and the variability 
occurring on a time interval of Δt ~ 3 days, we derive Δr ~ vavg×Δt. The value Δr is an 
upper limit given that the transverse or expansion velocity might be lower than the 
outflow velocity. Combining these equations we obtain a relation between the initial 
location and the other observables: rl = vavg Δt Nh/(Nl – Nh). Substituting the relative 
values, we can estimate an upper limit of the absorber location of rl  < 5×1015 cm, 
corresponding to less than 0.002 pc (or 900 rs) from the black hole.   
A less stringent upper limit on the location of this compact absorber can also be estimated 
from the ionization parameter r < Lion/ξNH ~ 3.7×1016 cm. Even assuming this upper 
limit, the wind is found within a distance of less than 0.01 pc from the black hole. Indeed, 
this indicates that this compact absorber is directly identifiable with an accretion disk 
wind. 
4.2. Fast wind energetics 
The mass outflow rate of the fast wind can be estimated considering the equation41 M!"#,! 
= 4π µ mp r NH,X CF,X vout,X, where µ = 1.4 is the mean atomic mass per proton, mp is the 
proton mass, and CF,X is the wind covering fraction. In spherical symmetry this latter 
value corresponds to the solid angle subtended by the wind of Ω = 4πCF,X. We 
conservatively consider the distance of r = 15 rs from the black hole. Substituting the 
relative best-fit values (Extended Data Table 1) we obtain an estimate of M!"#,! = 1.5 M¤ 
yr−1. The momentum flux (or force) and mechanical (or kinetic) power of the wind can 
then be estimated as P!"#,! = M!"#,! vout,X and E!,! = (1/2)M!"#,! vout,X2, respectively. 
Given the very high luminosity of this AGN and the fact that it is accreting at about its 
Eddington limit, it is very likely that the wind is radiation driven21. For a highly ionized 
wind driven by radiation pressure we have the relation P!"#,! = CF τ  P!"#, where CF, τ and 
logP!"# =LAGN/c = 35.7 dyne are the wind covering fraction, optical depth and the 
momentum flux of the AGN radiation, respectively. Given the wind covering fraction of 
CF ~ 0.85 and the optical depth of τ ~ 3.5, we can estimate a maximum value of P!"#,! ~ 3 P!"#. This is consistent with multiple scatterings in a high column wind22,23 and which 
covers a large solid angle, so that multiple photon scatterings can occur within the wind.  
Therefore, considering the uncertainty on the black hole mass20 and the limit on the wind 
momentum, the momentum rate and mechanical power of the fast wind are logP!"#,! = 
35.8+0.4−0.5 dyne and logE!,!  = 45.4+0.4−0.5 erg s−1, respectively. The ratio of the 
momentum flux of the initial fast wind and that of the AGN radiation is P!"#,! = 1.3+1.7−0.9 P!"#. The wind power corresponds to ~15% of the AGN luminosity. This is significantly 
higher than the minimum of ~0.5% required for AGN feedback24. 
5. Energetics of the large-scale molecular outflow 
The mass outflow rate of the OH outflow can be estimated considering the equation7 M!"#,!" = 800 × (CF,OH/0.2) × (nH/100 cm−3) × (r/300 pc)2 × (vout,OH/1,000 km s−1) M¤ 
yr−1. Here, CF,OH is the wind covering fraction, nH is the Hydrogen number density, r is 
the radius of the absorber and vout,OH is the outflow velocity. This equation assumes a 
spherical, but clumpy, geometry. This geometry is consistent with a wide-angle outflow, 
as inferred from the strong asymmetry between the two doublet components indicating 
roughly similar gas masses flowing on the near and back sides of the far-IR source. 
We find a best-fit value of the Hydrogen number density of nH ~ 100 cm−3 (see Methods). 
In principle, solutions with thickness of the absorbing shell approaching the size of the 
far-IR source of up to Δr ~ 100pc can match the OH119 spectrum, suggesting Hydrogen 
densities as low as nH ~ 50 cm−3. However, there are both observational and theoretical 
arguments favoring thinner shells and consequently higher densities. First, translucent 
clouds have typical Hydrogen number densities of nH ~ 50−100 cm−3. However, if these 
regions are compressed by the passage of a shock we can expect nH to be significantly 
higher than 50 cm−3. Second, the circumnuclear regions where these outflows emerge 
have significantly higher average densities of nH ≥ 1,000 cm−3. Third, the OH excitation 
observed in the similar outflow7 in Mrk 231 strongly favors the thin-shell approximation 
with Δr/r < 1. Fourth, the thin-shell approximation is consistent with the prediction of 
theoretical models9,10,11 discussing the origin and structure of large-scale molecular 
outflows. Therefore, we estimate a minimum value for the mass outflow rate of 250 M
¤
 
yr−1. Conversely, values higher than 2,000 M
¤
 yr−1 are disfavored from the model 
because they would indicate too thin shells with a width of just a few parsecs.  
Therefore, taking into account the uncertainties of the parameters in the equation (see 
Methods), the mass outflow rate can be confidently estimated within a factor of three. 
Substituting the relative values we derive M!"#,!" = 800+1,200−550 M¤ yr−1. The resultant 
momentum flux of the OH wind is logP!"#,!" = 36.7 ± 0.5 dyne. This is significantly 
larger than the momentum rate of the AGN radiation, P!"#,!" = 11.0+14.1−7.5 P!"#. The 
mechanical power of the molecular outflow is logE!,!" = 44.4 ± 0.5 erg s−1. This 
corresponds to ~2% of the AGN luminosity. 
Relatively high mass outflow rates of ~1,000 M
¤
 yr−1 and consequently short depletion 
timescales of ~107 years required to remove a fraction of the molecular gas from the 
inner regions of the galaxy have been reported in several ULIRGs hosting powerful 
molecular outflows in both OH5,7 and CO4,8 observations. However, this estimate of the 
depletion timescale is only a lower limit, given that the observed molecular outflows are 
likely to be non-steady, as recently suggested7 for Mrk 231. Therefore, the reported mass 
outflow rate is a local estimate at R ~ 300 pc, which is valid for timescales less than ~ 
R/v ~ 105 years. Moreover, if we consider a supermassive black hole with MBH ~ 107 M¤, 
as for IRAS F11119+3257, accreting at its Eddington rate with a typical efficiency η ~ 
0.1 we can estimate an AGN lifetime of ~3×107 years. This is comparable to the 
estimated depletion timescale and supports the fact that the AGN is effective at removing 
the molecular gas during its lifetime. 
6. Linking the nuclear X-ray wind to the large-scale molecular outflow 
In Figure 3 we do not include the ultrafast outflows detected in lower luminosity 
Seyferts13,14. However, we note that the momentum flux of these winds is also 
comparable to that of the AGN radiation. Thus, they will be located in the same 
parameter space as the accretion disk winds in quasars shown in the right-hand side of 
Figure 3. The molecular outflows shown in Figure 3 are selected to have average 
velocities higher than about 500 km s−1, ensuring that they are most likely driven 
primarily by the AGN instead of the starburst6,42. The analytical relations9,10,11 shown in 
Figure 3 represent only a rough approximation of this complex AGN wind phenomenon. 
However, the reported energy-conserving relation is overall confirmed by recent detailed 
numerical simulations12,43,44. 
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